Majorana zero modes are quasiparticle excitations in condensed matter systems that have been proposed as building blocks of fault-tolerant quantum computers [1]. They are expected to exhibit non-Abelian particle statistics, in contrast to the usual statistics of fermions and bosons, enabling quantum operations to be performed by braiding isolated modes around one another [1, 2]. Quantum braiding operations are topologically protected insofar as these modes are pinned near zero energy, and the pinning is predicted to be exponential as the modes become spatially separated [3, 4]. Following theoretical proposals [5, 6], several experiments have identified signatures of Majorana modes in proximitized nanowires [7][8][9][10][11] and atomic chains [12], with small modesplitting potentially explained by hybridization of Majoranas [13][14][15]. Here, we use Coulombblockade spectroscopy in an InAs nanowire segment with epitaxial aluminum, which forms a proximity-induced superconducting Coulomb island (a Majorana island) that is isolated from normal-metal leads by tunnel barriers, to measure the splitting of near-zero-energy Majorana modes. We observe exponential suppression of energy splitting with increasing wire length. For short devices of a few hundred nanometers, subgap state energies oscillate as the magnetic field is varied, as is expected for hybridized Majorana modes. Splitting decreases by a factor of about ten for each half a micrometer of increased wire length. For devices longer than about one micrometer, transport in strong magnetic fields occurs through a zero-energy state that is energetically isolated from a continuum, yielding uniformly spaced Coulomb-blockade conductance peaks, consistent with teleportation via Majorana modes [16, 17]. Our results help to explain the trivial-to-topological transition in finite systems and to quantify the scaling of topological protection with end-mode separation.
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The set of structures we investigate consist of InAs nanowires grown by molecular beam epitaxy in the [0001] wurtzite direction with an epitaxial Al shell on two facets of the hexagonal cross section [18] . The Al shell was removed except in a small segment of length L and isolated from normal metal (Ti/Au) leads by electrostatic gatecontrolled barriers (Fig. 1a ). Charging energy, E C , of the device ranges from greater than to less than the superconducting gap of Al (∼ 0.2 meV). The thin Al shell (8 − 10 nm thickness on the two facets) gives a large critical field, B c , before superconductivity is destroyed: for fields along the wire axis, B c,|| ∼ 1 T; out of the plane of the substrate but roughly in the plane of the two Alcovered facets, B c,⊥ ∼ 700 mT (Fig. 1b) . The very high achieved critical fields make these wires a suitable platform for investigating topological superconductivity [18] .
Five devices over a range of Al shell lengths L ∼ 0.3 − 1.5 µm were measured (see Methods for device layouts). Charge occupation and tunnel coupling to the leads were tuned via electrostatic gates. Differential conductance, g, in the Coulomb blockade regime (highresistance barriers) was measured using standard ac lockin techniques in a dilution refrigerator (electron temperature ∼ 50 mK). Figure 1c shows g as a function of gate voltage, V G , and source-drain bias, V SD . For the L = 790 nm device, the zero-field data (top panel) show a series of evenly spaced Coulomb diamonds with a characteristic negative-differential conductance (NDC) region at higher bias. NDC is known from metallic superconductor islands [19, 20] and has recently been reported in a proximitized semiconductor device similar to those investigated here [21] . The zero-magnetic-field diamonds reflect transport via Cooper pairs, with gate voltage period proportional to 2e, the charge of a Cooper pair. At moderate magnetic fields (Fig. 1c, middle panel) , the large diamonds shrink and a second set of diamonds appears, yielding even-odd spacing of Coulomb blockade zero-bias conductance peaks [22] , as seen in the cuts in Fig. 1d . At larger magnetic fields (Fig. 1c , lower panel) Coulomb diamonds are again periodic, now with precisely half the spacing of the zero-field diamonds, corresponding to 1e periodicity. NDC is absent, and resonant structure is visible within each diamond, indicating transport through discrete resonances at low bias and a continuum at high bias (see magnification in Fig. 1c ). Coulomb blockade conductance peaks at high magnetic field (see Fig. 1d for zero bias cuts) with regular 1e periodicity (half the zerofield spacing) accompanied by a discrete subgap spectrum is a proposed signature of electron teleportation by Majorana end states [16, 17] . We designate as a 'Ma- jorana island' (MI) the ungrounded tunneling device in this high-field regime, where a subgap state near zero energy, energetically isolated from a continuum, leads to 1e-periodic Coulomb blockade conductance peaks.
Zero-bias conductance can be qualitatively understood within a simple zero-temperature model where the energy of the superconducting island-with or without subgap states (Fig. 1d) -is given by a series of shifted parabolas,
where N G = CV G /e is the gate-induced charge (electron charge e and gate capacitance C) [19, 20, [22] [23] [24] [25] . E 0 is the energy of the lowest quasiparticle state, which is filled for odd parity (p N = 1, odd N ), and empty for even parity (p N = 0, even N ) [21] . Transport occurs when the ground state has a charge degeneracy, i.e., when the E N parabolas intersect. For E 0 > E C , the ground state always has even parity; transport in this regime occurs via tunneling of Cooper pairs at degeneracies of the even-N parabolas. This is the regime of the 2e-periodic Coulomb blockade peaks seen at low magnetic fields (Fig. 1d, blue) . The odd charge state is spinful and can be lowered by Zeeman energy when a magnetic field is applied. For sufficiently large field, such that E 0 < E C , an odd-N ground state emerges. This transition from 2e charging to 1e charging is seen experimentally as the splitting of the 2e-periodic Coulomb diamonds into the even-odd doublediamond pattern in Fig. 1d (green trace). In this regime the Coulomb peak spacing is proportional to E C +2E 0 for even diamonds and E C − 2E 0 for odd diamonds [23, 24] . For the particular case of a zero-energy Majorana state, E 0 = 0, peak spacing is regular and 1e-periodic. This regime is observed at higher fields (Fig. 1d, red) , though not sufficiently high to destroy superconductivity.
Coulomb peak spacings are measured as a function of magnetic field, allowing the state energy, E 0 (B), to be extracted. An example, showing 10 consecutive peaks for the L = 0.9 µm device, is shown in Fig. 2a . The peaks are 2e-periodic at B = 0, start splitting around ∼ 95 mT, and become 1e-periodic at ∼ 110 mT, well below the spectroscopically observed closing of the superconducting gap at B c ∼ 600 mT (see Methods). This points towards the presence of a state close to zero energy within the superconducting regime over a range of ∼ 500 mT.
Separately averaging even and odd Coulomb peak spacings, S e,o , over an ensemble of adjacent peaks reveals oscillations around the 1e-periodic value as a function of applied magnetic field. This is consistent with an oscillating state energy E 0 due to hybridized Majorana modes [13] [14] [15] . For the L = 0.9 µm device (Fig. 2b) , peak spacing oscillations yield an energy oscillation amplitude A = 7.0 ± 1.5 µeV, converted from gate voltage to energy using the gate lever arm, η, extracted independently from the slope of the Coulomb diamonds. For the L = 1.5 µm device (Fig. 2c) average Coulomb peak spacing oscillations based on 22 consecutive peaks yield a barely resolvable amplitude, A = 1.2 ± 0.5 µeV.
Oscillation amplitudes for the five measured devices (see Methods for device details), are shown in Fig. 2d along with a two-parameter fit to an exponential function, A = A 0 e −L/ξ , giving A 0 = 300 µeV and ξ = 260 nm as fit parameters. The data fits well to the predicted exponential form that characterizes the topological protection of Majorana modes [3, 4, 13] .
Excited states of the MI are probed using finite-bias transport spectroscopy. This technique requires a fixed gate voltage, chosen such that at zero bias the electrochemical potential of the leads aligns with the middle of the spectroscopic gap of the MI. With this choice, the conductance at source-drain bias V SD is due to states at energy eV SD /2. A conductance peak at zero bias corresponds to a zero-energy state. In the case shown in Figs. 3(a,b), the gate voltage is tuned using the characteristic finite-bias conductance spectra for a short InAs/Al island, investigated previously in Ref. [21] . Ground-state energies determined by finite-bias spectroscopy match those extracted from zero-bias peak spacings (see Methods Fig. S7 ).
Bias spectroscopy shows discrete zero-energy states emerging at sufficient applied field over a range of device lengths. In a short device (Fig. 3c) , the discrete state moves linearly in magnetic field, passing through zero and merging with a continuum at V SD ∼ 100 µeV. This merging is expected for Majorana systems in the short-length limit, where quenching of spin-orbit coupling results in unprotected parity crossings and state intersections at high energy [14] . Rather than passing directly through zero, the first zero crossing extends for 40 mT, which is not understood. Medium-length devices show the subgap state bending back toward zero after zero crossings (Fig. 3d ), in agreement with theoretical predictions for the emergence of Majorana behavior with increasing system length [14, 15] . For a long device (L = 1.5 µm), bias spectroscopy shows a zero-energy state separated from a continuum at higher bias (Fig. 3e) . The zero-energy state is present over a field range of 120 mT, with an associated energy gap (30 µeV)/k B = 0.35 K. The evolution from unprotected parity crossings, to energetically isolated oscillating states, and then to a fixed zero-energy state, with increasing device length is consistent with the expected crossover from a strongly over-lapping precursor of split Majoranas to a topologically protected Majorana state locked at zero energy [14, 15] . Note that in the data in Fig. 3e , the signal from the discrete state disappears above B || = 320 mT. This is not expected within a simple Majorana picture. Even though the zero-bias peak disappears, the peak spacing remains 1e-periodic (see Methods).
The observed effective g-factors, g ∼ 20−50, extracted from the addition spectrum and bias spectroscopy (see Methods), are large compared to previous studies on InAs nanowires [9, 26, 27] , perhaps resulting from field focusing from the Al shell. The measured gap to the continuum at zero magnetic field is consistent with the gap of aluminum ∆ Al ∼ 180 µeV, and is roughly the same in all devices. The discrete subgap states (Fig. 3c-e) have zero-field energy less than but comparable to the gap, ranging from E 0 (B = 0) ∼ 50 − 160 µeV, consistent with expectations for half-shell geometries [28] . The measured gap between the near-zero-energy state and the continuum in the high-field (topological) regime, ∆ T ∼ 30 µeV, along with the coherence length extracted from the exponential fit to the length-dependent splitting (Fig. 2d) , ξ ∼ 260 nm, are consistent with topological superconductivity. Within this picture, at low magnetic fields, the gap and coherence length are related to the strength of spin-orbit coupling, yielding a value α SO ∼ ξ · ∆ T = 8 × 10 −2 eV ·Å that is consistent with previously reported values in InAs nanowires [9, 29] . For a single subband picture, this implies a Fermi velocity v F = α SO / = 1 × 10 4 m/s that is lower than expected, suggesting that more than one subband is occupied under the Al shell, though we are not able to extract the number of modes directly.
Finally, we consider the magnetic field dependence of Coulomb blockade peak heights (as opposed to spacings), as seen in Fig. 4 . We found in most devices that below the field B * where 2e-periodic peaks split, all peaks were uniformly high amplitude. Above B * , peak heights were rapidly suppressed and remained low up to a second characteristic field, B * * , coincident with 1e periodicity (i.e., the field where even-odd spacing differences vanished). Above B * * , peak heights recovered. In the longer wires, peaks were nearly absent between B * and B * * , as seen in Fig. 4c .
We interpret these observations as follows: In the present lead-wire-lead geometry, transport above B * involves single electrons entering one end of the wire and leaving from the other. The onset of uniform spacing with the reappearance of high peaks above B * * indicates the emergence of a state (or states) at zero energy with strong wave function support at both ends of the wire. This is consistent with teleportation of electrons from one end of the wire to the other via a Majorana mode [16, 17] , though not necessarily a unique signature [30] . Thus while the simultaneous brightening of peaks with their becoming uniformly spaced at B * * suggests a subgap/Majorana mode moving to the ends of the wire as it moves to zero energy, we cannot rule out other forms of end-localized zero-energy states that could appear above a critical field.
In summary, we have studied Majorana islands composed of InAs nanowires covered on two facets with epitaxial Al, for a range of device lengths. Zero-energy states are observed for wires of all lengths away from zero field. Oscillating energy splittings, measured using Coulomb blockade spectroscopy, are exponentially suppressed with wire length, with a characteristic length ξ = 260 nm. This constitutes an explicit demonstration of exponential protection of zero-energy modes. Finitebias measurements show transport through a discrete zero-energy state, with a measured topological gap ∆ T = 30 µeV for long devices. The extracted ∆ T and ξ are consistent with known parameters for InAs nanowires and the emergence of topological superconductivity. Brightening of Coulomb peaks at the field where spacing becomes uniform for longer devices suggests the presence of a robust delocalized state connecting the leads, and provides experimental support for electron teleportation via Majorana modes. The InAs nanowires with epitaxial Al shell were grown via a two-step process by molecular beam epitaxy. First, the InAs nanowires were grown using the vapor-liquid-solid method with Au as a catalyst at 420
• C. Second, after cooling the system to −30
• C the Al was grown on two facets of the hexagonal cross section [18] . Afterwards the nanowires were deposited on degenerately doped Si substrates with 100-500 nm thick thermal oxides using either wet or dry deposition techniques. Wet deposition involves sonicating a growth substrate of nanowires in methanol for a few seconds, then putting several drops of the nanowire-methanol solution onto the chip surface using a pipette. Dry deposition was done by bringing a small piece of cleanroom wipe in touch with the growth substrate, then afterwards swiping it onto the chip surface. We find that while wet deposition results in a more uniform dispersion of nanowires on the chip surface, dry deposition is faster and less wasteful with nanowires. Selective removal of the Al shell was done by patterning etch windows using electron beam lithography on both sides of the nanowire, plasma cleaning the surface of the nanowire using oxygen, then etching the Al using a Transene Al Etchant D with an etching time of 10 seconds at 50
• C. Depending on the device, ohmic contacts to the InAs core were fabricated using either ion milling or sulfur passivation to remove surface oxides. Ion milling was done for times ranging from 85 s to 110 s using a Kaufman & Robinson KDC 40 4-CM DC Ion Source with an acceleration voltage of 120V and an ion beam current density of 0.5 mA/cm 2 at the chip surface. Sulfur passivation was done using a 2.1% solution of (NH 4 ) 2 S in DI water with 0.15 M dissolved elemental sulfur at 40
• C for 20 minutes. This was followed by the deposition of 5 nm of Ti as a sticking layer and 70 − 100 nm of Au for the ohmic contact. We found that ion milling resulted in more stable devices. Side and plunger gates were lithographically defined in the same fabrication step as the ohmic contacts in order to increase device yield. PMMA was used as resist in all lithography steps.
Device Geometries
Gate patterns of the five measured devices are shown in ED Fig. 1 . With the exception of the L = 0.9 µm device, all measurements involving gate dependence are tuned through resonances using the plunger gate on either the Al side or the uncoated InAs side. For the L = 0.9 µm device, the lower left side gate is used to tune through resonances of the quantum dot, because the central plunger gate was not bonded during the cool down. 
Measurements
Transport measurements were carried out in an Oxford Triton dilution refrigerator with a base electron temperature of T ∼ 50 mK and a 6-1-1 T vector magnet. Differential conductance, g = dI/dV SD , was measured using the AC-lockin technique with an excitation voltage in the range 2-6 µV.
Peak spacing data summary
The exponential curve in Fig. 2d (main text) is derived from even-odd peak spacing measurements in the high critical field directions, B || and B ⊥ , summarized in ED Fig. 2 . Suppression of spacing fluctuations with increased device length is clearly visible. The measured A is indicated by black arrows in the inset, and the values are recorded in ED Table 1 for each device length, along with charging energies and lever arms.
For L = 330 nm, Coulomb peak fluctuations became uncorrelated after several peaks. To obtain a large statistical ensemble, fluctuations were averaged over five sets of Coulomb peaks taken in different device tunings. ED Fig. 2a shows data from a single set of peaks, and ED Table 1 reports the full ensemble average.
In a transverse magnetic field applied in the low critical field direction, B tr , shown in ED Fig. 2f -i, the oscillations are absent, with the exception of an initial overshoot for L = 0.9 µm at B tr = 55 mT (ED Fig. 2i ), before the system is driven into the normal state at B tr ∼ 65 mT.
Magnetic Field Orientation
The direction of the nanowire on the chip was found by orienting the magnetic field from a vector magnet in the chip plane and spectroscopically measuring the anisotropy of the critical magnetic field. By comparing to the wire-direction based on optical and electron micrographs, we estimate an angular precision of ± 3 degrees. 
Critical Field Measurements
The observed 2e-1e splitting at B || ∼ 95 mT is compared to the closing of the superconducting gap at a considerably higher critical field, B c,|| , in ED Fig. 3 . Bias spectroscopy in ED Fig. 3b shows a closing of the superconducting gap at B c,|| ∼ 600 mT, more than 500 mT after the onset of evenly spaced 1e-periodic Coulomb peaks. The change from 2e to 1e-periodicity at B || ∼ 100 mT in ED Fig. 3a coincides with a reduction in the measured Coulomb gap in ED Fig. 3b , reflecting the transition from Cooper pair charging (energy penalty 2E C ) to single-electron charging (energy penalty E C ). The measurement in ED Fig. 3b was taken in a Coulomb valley at the gate voltage V G = −14.92 V.
Averaging of peak spacings
In Fig. 2b of the main text, we show the extracted average peak spacing for several even and odd Coulomb valleys. A high resolution measurement of the 2e-1e splitting is shown in ED Fig. 4a . The individual even and odd valleys, S e,o in ED Fig. 4b , exhibit the same oscillating behavior but show a small deviation from the average between 100 − 125 mT, which might be attributable to g-factor fluctuations for successive charge occupations of the quantum dot. Below 100 mT the fluctuations are very small, giving an indication of instrumental noise in the measurement. 
Angle Dependence
Angle dependence of the anti-crossing of the state with the continuum for L = 400 nm is shown in ED Fig. 5 . We focus on magnetic fields, B α , with angles, α, in the plane perpendicular to the nanowire direction. The measurements show a pronounced anti-crossing between the sub-gap state and an excitation continuum (α = 112.5
• and α = 135 • ) that is significantly reduced for α = 67.5
• . Interpreting angle dependence is complicated by the anisotropy of g-factor and critical field. The critical field is maximized for α = 120
• , and is reduced drastically for near-perpendicular field alignment (α = 22.5
• ). The observed g-factors are highly dependent on field orientation and device tuning. For the L = 400 nm device shown in ED Fig. 5 , we found an approximately sinusoidal variation in g-factor by a factor of 2, with maximum g-factor occurring near α = 90
• .
Choice of gate voltage for bias spectroscopy
For bias spectroscopy, the gate voltage is fixed either by interpreting Coulomb diamonds, as discussed in the main text, or from even-odd peak spacings. While details of the bias spectroscopy, such as locations of zero-crossing, depend on the choice of gate voltage, general features such as slopes, typical fluctuation amplitude, and the presence of a robust excitation gap are not strongly affected by the choice of gate voltage (ED Fig. 6 ).
Comparison of addition energies and finite bias spectroscopy
Peak spacings are used to measure the energy of the lowest-lying state. The same information is present in the bias spectroscopy, and gives consistent results, as shown in ED Fig. 7 . 
Bias spectroscopy of long device
Common-mode fluctuations in Coulomb peak position were observed in the longest (L = 1.5 µm) device, as shown in ED Fig. 8a . The fluctuations evidently correspond to a shift in the electrochemical potential of the dot, likely due to a nearby, field-dependent charge trap. The fluctuations are small compared to charging energy, but complicate the application of bias spectroscopy which needs to be performed at fixed electrochemical potential. To correct for the fluctuations, we introduce an effective gate voltage,
that removes the common-mode peak motion. The offset voltage is zero at low field, when Coulomb peaks are 2e periodic (δV (B) = 0 for B ≤ 175 mT). At high field, δV (B) is chosen so that the reference Coulomb peak (labeled in ED Fig. 8b) occurs at constant V G,eff . All nonzero δV (B) are listed in ED Table 2 . As shown in ED Fig. 8b , this procedure removes the common-mode peak motion. In the case of the 1.5 µm device, bias spectroscopy is performed at fixed V G,eff , which allows us to infer the energy of the sub-gap state at fixed electrochemical potential. The zero-energy state is robust over many successive Coulomb peaks, as shown in ED Fig. 9 . The full bias spectroscopy as a function of field is also reproducible over several peaks, as shown in ED Fig. 10 .
Measured g-factors
As can be seen in ED Fig. 11 the state energy does not move linearly in magnetic field. A non-linear behavior with magnetic field is expected in the presence of strong spin-orbit coupling and a finite critical field.
If the behavior was strictly linear one would expect
because the peak splitting at B * occurs when E 0 (B = 0) − E Z = E C and the state is at zero energy at B * * when E Z = E 0 (B = 0) (see Fig. 4 in the main text for reference). The non-linear behavior of E 0 (B) at higher magnetic fields approaching B * * renders this unsuitable for an accurate measurement of the state energy at zero field. In the low field regime where the state energy is approximately linear with magnetic field we calculate an effective g-factor. Using this slope it is possible to give a rough estimate of the state energy E 0 (B = 0) assuming linear behavior and extrapolating the state energy to zero magnetic field.
For bias spectroscopy it should be noted that for gate voltages in the middle of the spectroscopic gap (see main text) transport through a state at V SD = V 0 indicates a state energy E 0 = eV 0 /2. An example for L = 330 nm is shown in ED Fig. 11a . Using the addition spectrum, the state energy can be calculated from the peak spacing S according to E 0 = (ηS − E C ) /2. Examples of extracted effective g-factors in the linear range are shown in ED Fig. 11b,c. 
